We report on an investigation of spin-polarized secondary electron emission from the chemically inert system: graphene/Ni(111). An ordered passivated graphene layer (monolayer of graphite, MG) was formed on Ni(111) surface via cracking of propylene gas. The spin-polarization of the secondary electrons obtained from this system upon photoemission is only slightly lower than the one from the clean Ni surface, but does not change upon large oxygen exposure. These results suggest to use such passivated Ni(111) surface as a source of spin-polarized electrons stable against adsorption of reactive gases.
carbon layer, possesses conical electron and hole pockets which meet only at the K-points of the Brillouin zone in momentum space [2, 4] . Due to the linear dependence of energy on momentum, the carriers behave as effectively massless, relativistic Dirac-fermions with an effective speed of light of c ef f = 10 6 m/s as described by Dirac's equation. From a technological point of few the observation of large carrier mobilities of up to 60000 cm 2 V −1 s −1 at 4 K and 15000 cm 2 V −1 s −1 at 300 K together with an bipolar field effect [5] is most intriguing. For semiconductor-electronic applications graphite layers can be grown on SiC (0001) surfaces in high structural quality. In recent work similar intriguing properties in ultra-thin graphite layers grown on SiC was found and it was suggested that this may open a route toward new, graphene-based electronics [6] . Weakly-bonded with substrate graphene layers can also be prepared on top of a Ni(111) substrate followed by intercalation of thin layers of noble metals (Cu, Ag, Au) underneath graphene layer [7, 8, 9] .
On the other hand stable non-reactive graphene layers on top of ferromagnetic materials (Ni) [7, 8, 9] may be used as sources of spin-polarized electrons. Electron sources are used in all domains ranging from technical devices of daily life like cathode-ray tubes to largescale scientific experiments like electron accelerators. While the energy distribution and the average kinetic energy of the electrons can easily be controlled by fine tuning of the electron emission parameters (like, e.g., bias potential and temperature of the source), the control over the spin polarization of the electron beam is difficult. The latter is of great interest for particle physics experiments and for studies of magnetic systems in condensed matter physics, including the burgeoning field of spintronics.
In the present work we report on spin-polarized electron emission from graphene/Ni(111) system before and after exposure to oxygen. It is shown that the spin-polarization of secondary electrons at zero kinetic energy from graphene/Ni(111) system is reduced by about 1/3 with respect to one from the clean Ni(111) surface, but contrasting to the latter it remains practically unaffected upon oxygen exposure. These experimental observations opens technical perspectives for application of graphite layers in spintronic devices.
Investigations of the graphene/Ni(111) system were performed in the experimental setup for spin-resolved electron spectroscopy consisting of two chambers: preparation and analysis. Fig. 1 . An ordered graphene overlayer was prepared via cracking of propylene gas (C 3 H 6 ) according to the recipe described in Ref. [7] . The LEED spots of the graphene/Ni(111) system reveal a well-ordered p(1 × 1)-overstructure as expected from the small lattice mismatch of only 1.3% ( Fig. 1 , upper panel, center).
Spin-and angle-resolved photoemission spectra were recorded at 1486.6 eV (Al Kα, XPS) and 40.8 eV (He IIα, UPS) photon energy, respectively, using a hemispherical energy analyzer SPECS PHOIBOS 150 combined with a 25 kV mini-Mott detector for spin analysis [10]. The energy resolution of the analyzer was set to 100 and 500 meV for UPS and XPS, respectively.
The spin polarization of secondary electrons in XPS spectra was analyzed with an energy resolution of 200 meV. Spin-resolved measurements were performed in magnetic remanence after having applied a magnetic field pulse of about 1 kOe along the in-plane < 110 > easy axis of the Ni(111) film. The experimental setup asymmetry was accounted for in the standard way by measuring spin-resolved spectra for two opposite directions of applied magnetic field [11, 12] .
The electronic structure of the graphene/Ni(111) system was studied in detail by means of angle-resolved photoemission in earlier work [7, 13] . Here we show only a few angle-resolved valence-band photoemission spectra of the system under study (Fig. 1, lower panel) . The spectra were taken with He IIα radiation along the Γ − M direction of the surface Brillouin zone (Fig. 1 , right upper conner) and are in good agreement with previous data [7, 13] . In the same figure the photoemission spectrum of a pure graphite single crystal measured in normal emission geometry is shown by a shaded area. From a comparison of the photoemission spectra of graphene/Ni(111) and pure graphite one may conclude that the difference in binding energy of the π-states amounts to about 2.3 eV which is close to the value observed earlier [7, 13] and in good agreement with the theoretical prediction of 2.35 eV [14] . This This idea was tested experimentally by measuring the spin polarization, P , of the secondary electrons of the systems under study. Here P is defined as normalized difference of the numbers of the emitted spin-up and spin-down electrons. The spin-polarization of the low kinetic energy tail of the photoelectron spectrum of the ferromagnetic Ni(111) film (see Fig. 3 , open circles) is in good agreement with previously published results [15, 16, 17, 18] .
The spin polarization of secondary electrons at kinetic energies of about 10 eV is equal to the one of the valence band electrons. A strong enhancement of the spin polarization appears at kinetic energies below ≈ 3 eV. This enhancement was interpreted as due to exchange scattering between the hot electrons and the 3d valence electrons [19, 20] , the leading term being the "spin-flip" processes of the Stoner excitations. Monte-Carlo simulations [19] showed that the strongly enhanced polarization near zero kinetic energy still scales with magnetization of the sample, M. The situation is very favorable for applications as surface magnetometer or source of spin-polarized electrons: the maximum of polarization coincides with the maximum of the intensity, I, and the intensity of true secondary electrons generally is very large, orders of magnitude larger than the intensities of elastically scattered electrons or photoelectrons. the spin polarization of secondary electrons emitted from the graphene/Ni(111) system is reduced from ≈ 17% to ≈ 12%. The reduction of P due to the graphene overlayer can be explained by the strong hybridization between Ni 3d and graphene π states that is supported by theory [14, 21] and previous angle-resolved photoemission experiments [7, 13] . Since the spin-polarization of secondary electrons is rougly proportional to the magnetic moment at the surface of a ferromagnetic material [15, 16, 17, 18] , one can estimate, that in the graphene/Ni(111) system the magnetic moment of the Ni atoms at the interface amounts to about 0.52 µ B as compared to 0.72 µ B for the pure Ni(111) surface [14] . This reduction is consistent with values obtained in a recent theoretical work [14] . Additional reduction of the magnetic moment can be explained by spin-flip scattering of electrons in the polarized graphene layer or/and scattering by structural defects [22] .
The interesting observation is that exposure to oxygen at high partial pressure does not affect the shape of the spin-polarization curve. Particularly, the spin polarization of electrons at the vacuum level (zero kinetic energy) remains almost the same (the slight reduction by 2% is within error bar). This is in strong contrast to the behavior of the clean Ni (111) surface where exposure to oxygen leads to a complete quenching of the spin polarization (compare Fig. 3 ).
In conclusion, we studied emission of spin-polarized secondary electrons from the graphene/Ni(111) system and found that exposure to large amounts of oxygen does not affect the magnitude of spin polarization. The phenomenon is explained by a passivation of the Ni surface by a closed graphene overlayer that inhibits oxygen adsorption and direct contact of Ni atoms with the reactive gas. We suggest that such an inert system may be used as chemically inert source of spin-polarized electrons.
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